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(57) ABSTRACT 

A method is disclosed for suppressing an external acoustic 
signature of an aircraft having at least one pair of non-inter 
meshing multiple-blade rotors. During operation of the air 
craft, the at least one pair of rotors are rotated in an asym 
metrically indexed manner that causes the blades of one of 
each pair of rotors to be consistently out of phase from the 
blades of the other of each pair of rotors. The selected amount 
in degrees of asymmetrical indexing is equal to the desired 
phasing in degrees divided by a number of blades of one of the 
rotors. 
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METHOD FOR SUPPRESSING VIBRATION 
AND ACOUSTIC SIGNATURE IN A 

TILTROTOR AIRCRAFT 

TECHNICAL FIELD 

[0001] The technical ?eld is methods for suppressing vibra 
tion and acoustic signature in a tiltrotor aircraft. 

DESCRIPTION OF PRIOR ART 

[0002] The Bell-Agusta BA609 is poised to be the World’s 
?rst certi?ed civil tiltrotor, Which provides for conversion 
betWeen a helicopter ?ight mode and an airplane ?ight mode. 
FIG. 1 is an oblique vieW of a BA609 tiltrotor aircraft 11, 
having a central fuselage 13 and Wings 15 extending laterally 
therefrom. A nacelle 17 is pivotally mounted to the outer end 
of each Wing 15, and each nacelle houses an engine (not 
shoWn) con?gured for rotating an attached multi-blade rotor 
19. Nacelles 17 are shoWn in an intermediate angular posi 
tion, Which is betWeen the horizontal position of airplane 
mode, or Wing-bome, ?ight and the vertical position of heli 
copter-mode, or rotor-borne, ?ight. Rotors 19 are counter 
rotating and are shoWn in a symmetrically indexed 
con?guration, in Which the blades of both left and right rotors 
19, Which rotate in opposite directions, have the same angular 
orientation and operate in phase With each other. In other 
Words, a blade of one rotor 19 passes the ?lselage at the same 
moment as a blade of the other rotor 19. 

[0003] As rotor assemblies 19 rotate during operation, 
vibrations are created that are transmitted from rotors 19 into 
Wings 15 and fuselage 13. In helicopter mode ?ight, the 
BA609 demonstrates acceptable vibrations at a frequency of 
three cycles per rotor revolution (3/rev:28.5 HZ). HoWever, 
testing has shoWn that as rotor speed reduces going into 
airplane mode the aircraft experiences signi?cantly higher 
vibrations (3/rev:23.9 HZ). In particular, ride quality for the 
creW is unacceptable for continued envelope expansion, and 
instrument panel vibrations reach limit thresholds. The 3/rev 
vibrations are of primary concern because the BA609 is a 
three-bladed aircraft, and the strongest ?xed system excita 
tion occurs at a frequency of three times the speed of the rotor 
rotation. 

[0004] FIG. 2 is a schematic vieW of aircraft 11 With the 
nacelles rotated into the airplane-mode ?ight position. Blades 
of rotors 19 cause lateral shear forces, Which are indicated by 
arroWs 21, 23, and these forces result in opposing and offset 
ting lateral vibrations, Which are indicated by arroWs 25, 27. 
Vertical shear forces are indicated by arroWs 29, 31, and these 
forces result in vertical vibrations in the same direction, 
Which are indicated by arroWs 33, 35. Due to vibrations 33, 35 
being in the same direction, vibrations 33, 35 combine to 
increase the magnitude of the vibrations felt in fuselage 13. 
[0005] Various methods and apparatus have been suggested 
to reduce vibrations transmitted into the fuselage of tiltrotor 
aircraft during operation, but each typically adds Weight and 
cost to the aircraft, and shortcomings remain. 
[0006] In addition, various methods and apparatus have 
been suggested to reduce the acoustic signatures of tiltrotor 
aircraft caused by the blades during operation. Existing meth 
ods for reducing acoustic levels include variations in the 
shape of the tips of blades, operating speeds, and/or the num 
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ber of blades per rotor. HoWever, these techniques may 
impact the performance, cost, and/or Weight of the aircraft, 
and shortcomings remain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is an oblique vieW of a prior-art tiltrotor 
aircraft. 
[0008] FIG. 2 is a front schematic vieW of a tiltrotor aircraft 
having a prior-art symmetric rotor con?guration. 
[0009] FIG. 3 is a front schematic vieW of a tiltrotor aircraft 
having an asymmetric rotor con?guration. 
[0010] FIG. 4 is a front schematic vieW of an aircraft having 
a prior-art symmetric rotor con?guration. 
[0011] FIG. 5 is a front schematic vieW of an aircraft having 
an asymmetric rotor con?guration. 
[0012] FIG. 6 is a front schematic vieW of an aircraft having 
a prior-art symmetric rotor con?guration. 
[0013] FIG. 7 is a front schematic vieW of an aircraft having 
an asymmetric rotor con?guration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0014] As for all rotorcraft, controlling cabin vibrations is a 
signi?cant concern, and a method of re-indexing the non 
intermeshing rotors of the aircraft, as described herein, is 
designed to reduce vibrations and acoustic signature of the 
aircraft. 
[0015] FIG. 3 is a schematic vieW of a BA609 aircraft 37, 
Which is similar in con?guration and operation to aircraft 11, 
described above. To reduce vertical vibrations in fuselage 39 
as rotors 41 counter-rotate in airplane-mode ?ight, rotors 41 
may be asymmetrically indexed, as shoWn, so that the blades 
of the rotors are 60 degrees out of phase from each other. In 
other Words, each blade of one rotor 41 passes the fuselage at 
a different time as each blade of the other rotor 41. 

[0016] The 60-degree indexing for a three-blade rotor 
causes l80-degree phasing for the generated forces. To deter 
mine the amount of indexing required for rotors having more 
or feWer blades, the formula 

P(indexing):P(phasing)/N 

Is used, Wherein P(indexing) is the number of degrees that 
rotors having N number of blades need to be indexed relative 
to each other to achieve a desired P(phasing) degrees of 
phasing of the generated forces. For aircraft 37, the formula is 
calculated as 

60 degrees:l 80 degrees/3, 

so that the relative indexing amount betWeen three-blade 
rotors 41 is 60 degrees. 
[0017] Blades of rotors 41 cause lateral shear forces, Which 
are indicated by arroWs 43, 45, and these forces result in 
lateral vibrations, Which are indicated by arroWs 47, 49. Ver 
tical 3/rev normal shear forces are indicated by arroWs 51, 53, 
and these occur out of phase from each other. These forces 
result in opposing vertical vibrations, Which are indicated by 
arroWs 55, 57, that may cancel one another out as excitation 
sources in fuselage 39. HoWever, due to forces 51, 53 being 
spaced from each other, forces 51, 53 cause a residual rolling 
moment about fuselage 39, as Well as a residual lateral shear 
that could still excite asymmetric modes. ArroW 59 indicates 
the direction of the moment When rotors 41 are positioned as 
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shown, but moment arrow 59 reverses direction When rotors 
41 are rotated 60 degrees from the position shoWn in the 
?gure. 
[0018] In ?ight tests, re-indexing rotors 41 has been found 
to reduce vertical 3/rev vibrations by about one-half at all 
airspeeds, and vertical vibrations have also been reduced to 
acceptable levels. These results shoW that rotor indexing 
reduces vibrations to avoid exceeding limit levels of certain 
components While greatly improving the ride quality in the 
creW seats. Even more signi?cant is the elegance of the re 
indexing solution, in that it requires no extensive redesigns to 
structure or systems that Would have been necessary for RPM 
changes or modal frequency alterations. 
[0019] Another signi?cant advantage realiZed through 
asymmetric indexing of rotors 41 is the reduced acoustic 
levels in the fuselage and at a distance from aircraft 37. With 
rotors 41 asymmetrically indexed, there is minimiZed rein 
forcement of the acoustic signature of one rotor 41 by the 
acoustic signature of the other rotor 41. 
[0020] As shoWn in FIG. 4, rotors 19 of aircraft 11 are in a 
symmetrical index con?guration, and pressure pulses, or 
acoustical Waves 61, 63, are individually generated by the 
blades of each rotor 19. The symmetric indexing causes 
Waves 61, 63 to reach fuselage 13 simultaneously at the rotor 
passage frequency (N/rev), creating a high-amplitude, loW 
frequency noise signature Within fuselage 13. 
[0021] FIG. 5 shoWs aircraft 37, Which has the asymmetric 
indexing con?guration of rotors 41. The blades of rotors 41 
also each generate identical acoustical Waves 65, 67, but the 
blade causing acoustical Wave 65 has already passed fuselage 
39 before the blade causing Wave 67 passes fuselage 39. This 
means that Waves 65, 67 do not combine at fuselage 39 to 
create a reinforced noise signature Within fuselage 39. The 
resultant noise signature Within fuselage 39 is perceived as 
having a loWer amplitude and higher frequency (2><N/rev), 
Which is less intrusive and may be easier to attenuate through 
other means, such as passive or active sound suppression 
devices. 
[0022] In addition, asymmetric indexing reduces acoustic 
signature as perceived by a distant observer. FIG. 6 shoWs 
symmetrically indexed rotors 19 creating acoustical Waves 
69, 71, Which leave rotors 19 simultaneously and combine to 
form Wave 73 at a distance from aircraft 11. When Waves 73 
arrive at a distant observer 75, Waves 73 are perceived as an 
acoustic signature having a high amplitude and loW frequency 
(N/rev). 
[0023] HoWever, FIG. 7 shoWs the asymmetrically indexed 
con?guration of rotors 41, in Which the blades cause acous 
tical Waves 77, 79 to be offset from each other, or staggered. 
This means that Waves 77, 79 do not combine at a distance, 
and Waves 77, 79 arrive at distant observer at different times. 
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The resulting acoustic signature, as perceived by distant 
observer 75, has a loWer amplitude and higher frequency 
(2><N/rev). 
[0024] The method described above provides for several 
advantages, including: (1) reduced vibrations transmitted to 
the fuselage of a tiltrotor aircraft; (2) a reduction of the gen 
eration of internal and external noise; (3) ease of implemen 
tation in existing aircraft; and (4) minimal cost of implemen 
tation. 
[0025] While this invention has been described With refer 
ence to at least one illustrative embodiment, this description is 
not intended to be construed in a limiting sense. Various 
modi?cations and combinations of the illustrative embodi 
ments, as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. 

1. A method for suppressing an external acoustic signature 
of an aircraft having at least one pair of non-intermeshing 
multiple-blade rotors, the method comprising: 

during operation of the aircraft, rotating the at least one pair 
of rotors in an asymmetrically indexed manner that 
causes the blades of one of each pair of rotors to be 
consistently out of phase from the blades of the other of 
each pair of rotors by a selected amount; 

Wherein the selected amount in degrees of asymmetrical 
indexing is equal to the desired phasing in degrees 
divided by a number of blades of one of the rotors. 

2. A method for suppressing an internal acoustic signature 
of an aircraft having at least one pair of non-intermeshing 
multiple-blade rotors, the method comprising: 

during operation of the aircraft, rotating the at least one pair 
of rotors in an asymmetrically indexed manner that 
causes the blades of one of each pair of rotors to be 
consistently out of phase from the blades of the other of 
each pair of rotors by a selected amount; 

Wherein the selected amount in degrees of asymmetrical 
indexing is equal to the desired phasing in degrees 
divided by a number of blades of one of the rotors. 

3. A method for suppressing vibration in an aircraft having 
at least one pair of non-intermeshing multiple-blade rotors, 
the method comprising: 

during operation of the aircraft, rotating the at least one pair 
of rotors in an asymmetrically indexed manner that 
causes the blades of one of each pair of rotors to be 
consistently out of phase from the blades of the other of 
each pair of rotors by a selected amount; 

Wherein the selected amount in degrees of asymmetrical 
indexing is equal to the desired phasing in degrees 
divided by a number of blades of one of the rotors. 

* * * * * 


